To evaluate the physiological variance in a closed (CS) vs an open suction (OS) protocol in intubated infants.
INTRODUCTION
Endotracheal tube (ETT) suction is a frequently performed procedure to maintain airway patency in the intubated infant. 1 The standard open method (OS) of removal of secretions from the airway involves disconnecting the infant from the ventilator and passing a sterile suction catheter into the ETT. 2 Complications associated with the OS technique include hypoxemia, bradycardia, tachycardia, atelectasis, pneumonia, fluctuations in blood and intracranial pressure, localized trauma to the airway, sepsis, and tube dislodgement. 3 The closed suction (CS) technique involves insertion of a device into the ventilator circuit, that permits a suction catheter to be passed through a one-way valve into the ETT without disconnecting the patient from the ventilator. This process of continuous mechanical ventilation sustains positive end expiratory pressures with minimal changes in the fraction of inspired oxygen (FiO 2 ). 4 CS systems have been available for several years; however, their use in neonates is limited. 5 Protocols for ETT suction of the neonate are inconsistent throughout and within NICUs. 5 A recent, neonatal, systematic review concludes that there is insufficient evidence to support either practice of endotracheal suction. 3 The decision to use the CS vs the OS method appears to be dependent on the acuity of the infant and the health care provider's dexterity and preference.
The purpose of this study was to evaluate the effect of CS vs OS on physiologic variance, recovery time, and complications in intubated infants.
METHODS
A crossover trial was designed to examine patterns of physiologic stability during the two different suctioning practices. The study was conducted in a 33-bed, university-affiliated, level 3 Neonatal Intensive Care Unit (NICU) in Central West Ontario, Canada. Infants admitted to the NICU between April 1999 and February 2000 who required intubation and assisted ventilation, and had a Neonatal Respiratory Score (NRS) <16 on a revised neonatal morbidity scale, were eligible for randomization. 6 Infants were excluded if they required (1) high-frequency oscillation, (2) nitric oxide, (3) pharmacologic paralysis, or had (4) airway anomalies or (5) congenital neuromuscular disease.
The study was approved by the institution's Research Ethics Board. Since both suctioning techniques were in current use in the NICU, parental consent was not obtained. Block randomization, using a blocking factor of four within three birthweight strata, was utilized (<1000, 1000-2000, and >2000 g). Allocation to the first procedural sequence was by sealed envelope.
Each infant was suctioned by one of a group of seven caregivers, who were part of the research team. The first suction method was randomly assigned followed by the alternate suction, after a 90 minutes washout period.
The CS protocol involved: (1) applying the ''Neo-LINK''t (CORPAK MedSystems, Wheeling, IL, USA) adaptor to the end of the ETT 15-30 minutes prior to the commencement of the baseline data collection; (2) removal of secretions from the ETT using the ''Neo-LINK''t adaptor; (3) instilling 0.5 cc's normal saline (N/S) into the ETT via the side female port of the adaptor; (4) passing a sterile suction catheter through the adaptor one-way valve into the tracheal tube to the end of the ETT (as premeasured), and applying continuous suction as the catheter was slowly withdrawn (10-15 seconds); (5) following infant recovery, repeat step 4; (6) N/S port and suction catheter valve was closed with the cap adaptor.
The OS protocol was similar except for the attachment of the CS adaptor, N/S was instilled after disconnecting the infant's ETT from the ventilator, followed by reconnection immediately after instillation. Each suction pass was performed by transiently disconnecting the ETT/ventilation circuit.
The NRS and baseline values for the physiologic parameters (PP) were collected 2 minutes prior to the onset of the suction procedure. Suctioning commenced following instillation of N/S into the ETT and preoxygenation with an increase of 5-10% FiO 2 in unstable infants. Infants requiring preoxygenation had this maneuver performed in both the OS and CS methods. The suctioning procedure continued until two passes through the ETT were complete and the catheter was removed from the ETT. The PP were measured during suction and following each procedure until recovery time was reached. Recovery time was defined by the return of the transcutaneous partial pressure of oxygen (TcPO 2 ) to baseline values or 30 minutes postsuction, whichever came first. Data were similarly recorded for the alternate suction method after the washout period.
Demographic data including gestational age (GA), current age, birth weight, current weight, gender, and diagnosis were collected. The infant's health status was assessed on the day of the study using the Score for Neonatal Acute Physiology (SNAP). 7 The NRS was used to reflect the daily respiratory status of a ventilated infant. It is based on the following four criteria: ventilator or respiratory rate, mean FiO 2 Â 100, mean partial pressure of carbon dioxide (PCO 2 ), and mean airway pressure, with a score ranging from 0 to 5 for each variable. The total daily score ranges from 0 to 18.
Continuous electronic measurement of heart rate (HR), respiratory rate (RR), and oxygen saturation (SpO 2 ) were transmitted via a Patient Data Logger in the SpaceLabs Monitor into a laptop computer. If the infant had an arterial line in place, blood pressure (BP) readings were collected by similar technology. The Nellcor (Pleasanton, CA, USA) NPB-75 hand-held Capnograph/Pulse oximetert, measuring end tidal carbon dioxide (ETCO 2 ), was connected to a second laptop computer and downloaded information into a data file. The computerized data acquisition was set to collect data every 5 seconds for baseline PP, during the suction procedure and during the recovery period to baseline. Transcutaneous partial pressure of oxygen (TcPO 2 ) and transcutaneous partial pressure of carbon dioxide (TcPCO 2 ) values were manually recorded every 5 seconds by a research assistant.
Complications were defined as bradycardia or desaturation during the suctioning event, in which either an increase in FiO 2 or an increase in ventilation rate, or a combination of both interventions were employed to resolve the problem.
STATISTICAL ANALYSIS
The primary outcome measure was physiologic stability during the suctioning procedure as measured by HR, RR, BP, SpO 2 , TcPO 2 , TcPCO 2 , and ETCO 2 in three stratified weight groups: <1000, 1000-2000, and >2000 g. The sample size was determined for power in a single case, repeated measures ANOVA with a power of 0.80, an alpha of 0.05 with a small effect size, and an average correlation of 0.80 (for four physiologic variables). An a priori sample size of 50 participants was calculated for each weight group. The estimated sample size was increased by 20-60% to overcome attrition due to data collection problems and monitoring equipment malfunction.
All analyses were performed using the SPSS r (Chicago, IL, USA) version 9.0 statistical program. Repeated measures ANOVA was used to analyze the physiological variables (Table 2) . Outcomes were expressed as mean values. Mean values for all PP were evaluated at the time of recovery, and are defined as ''mean at recovery''. The duration of time taken to reach recovery was defined as ''mean recovery time to baseline'', and was evaluated by pairwise comparison. A w 2 analysis was performed to compare the frequency of complications during the two suction methods.
The distribution and composition of the study sample was analyzed using the demographic database and NRS and SNAP scores. A multiple-regression analysis to examine the effect of GA, SNAP, and NRS variables on the physiologic outcome variables was performed. Data were summarized as frequency or descriptive results, and correlated with the physiological data. A p-value of 0.05 was regarded as statistically significant. The statistician was masked to the method of suction as data were encoded by the research assistant. If more than 20% of the physiologic data were missing for a variable, it was not included in the analysis. The lack of complete data is reflected in the varying sample sizes for each individual parameter as indicated in Table 2 .
RESULTS
A total of 270 infants were eligible for enrollment. Of these, 70 infants did not complete the study. In all, 61 infants were missed due to unavailability of the research team to perform the suctioning procedure. Nine subjects were dropped from the study because of family concerns (N ¼ 2), extubation before suctioning could be completed (N ¼ 6), and transfer before study completion (N ¼ 1). The final sample consisted of 200 infants in three weight categories. Descriptive data of the study population are summarized in Table 1 . A total of 13 infants were studied a second time, after an elapse of 28 days. Results of the SNAP (Table 1) demonstrated that the severity of illness of participants in the study ranged from 1 to 19 with a mean of 4-7 representing a low to moderate acuity of illness.
The NRS was measured prior to each suctioning method to verify that both the OS and CS groups had comparable ventilation requirements. There was no statistically significant difference between the two methods, demonstrating that the infants required the same extent of ventilator support.
The ventilation rate for the study population ranged from 5 to 40 breaths per minute, FiO 2 from 21% to 89%, PCO 2 from <45 to 70 Torr, and mean airway pressure from <5 to 20 cmH 2 O. Of all infants in the study population, 40% received preoxygenation prior to suctioning the ETT, as recommended by a bedside nurse. Analysis indicated that the covariate of preoxygenation had no significant effect on HR (
Baseline HR values were comparable in OS vs CS. However, there was a significant decrease in HR with the OS method during each suction pass (Table 2) . In a subgroup analysis, infants less than 1000 g had significantly greater reductions in HR from baseline than infants 1000-2000 and >2000 g, p ¼ 0.002 ( Figure 1 ). There were no significant differences between the three weight groups with respect to other PP within the subgroup analysis.
A significant difference was found in the SaO 2 and TcPO 2 values, showing more favorable outcomes of CS over the OS method, p ¼ 0.002 and <0.001, respectively ( Table 2 ). The changes in SaO 2 and TcPO 2 from baseline between the OS and CS groups were also significant, p<0.001 and ¼ 0.001, respectively.
No differences were detected among baseline values, mean values during the suctioning procedure and mean recovery values for TcPCO 2 . ETCO 2 measurements were statistically but not clinically lower in the OS group during the suction procedure (Table 2) .
Systolic BP readings increased more significantly with the OS compared to the CS method (Table 2) . Although there was no significant difference in mean or diastolic BP, there was a trend toward higher BP readings with the OS method.
Following CS, the length of time required for the PP to return to baselines values was significantly shorter for all variables being evaluated in comparison to the OS technique, p<0.001 (Figure 2 ). ''Recovery time'' was significantly shorter in the CS group (2.1 minutes vs 4.4 minutes, CS vs OS, respectively, p<0.001).
The frequency of complications varied between OS and CS. The OS group experienced 35 such events compared to 12 in the CS group, which was statistically significant (p<0.001).
The NRS, SNAP scores, and GA were entered into a multiple regression. Results indicate that these factors were not significant variables in explaining the bradycardia, the desaturations, and the decrease in TcPO 2 values associated with suctioning in these infants (p ¼ 0.34, 0.20, and 0.27, respectively).
DISCUSSION
Many confounding variables weaken previously published studies comparing CS to OS. The sample sizes appear to be relatively small (range: 8-15) with the exception of Tan's study (N ¼ 56), in which the participants were not well described. [8] [9] [10] [11] [12] [13] This limits the generalizability and external validity of the data. This is the first study to evaluate methodically the effect of CS in a large stratified NICU population. The outcomes indicate that ETT suction affects the physiologic state of the infant, regardless of the method employed. Although both suction techniques produced negative changes, CS better maintained physiologic stability and recovery time was significantly reduced. Our results support the findings of smaller studies that evaluated length of recovery time using CS vs OS suction in the neonatal population. 8, 9 The heart rate variable during the OS method demonstrated the greatest difference in recovery time compared to the CS method. For all infants, a significantly greater decline in HR was experienced during the OS method. Three previous studies evaluating the effects of OS vs CS protocols on HR also found the decline in HR to be significantly greater during OS methods. [9] [10] [11] Two other studies found no significant differences in HR. 8, 13 In a subgroup analysis, infants <1000 g had clinically and statistically significant greater decreases in heart rate than infants 1000-2000 and >2000 g. This study is the first to establish that infants <1000 g react differently to the suction process with regard to HR stability. The OS group had a significantly longer ''recovery time'' to baseline PP. Individual variables such as RR, TcPO 2 , SpO 2 , and TcPO 2 took 2.5-3 times longer to recover to baseline values in the OS group. Prolonged ineffective respiration, induced by withdrawal of ventilator pressures, and the removal of air from the lungs during suctioning can result in pulmonary atelectasis. (14) 49 (16) 96 (2) 63 (15) 41 (10) 53 (11) 41 (9) 32 (8) 34 (8) CS 140 (14) 53 (15) 96 (3) 65 (18) 43 (11) 52 (11) 41 (9) 32 (8) 36 (8) Suction 1 OS 128 (24) 49 (24) 95 (4) 62 (16) 41 (10) 57 (14) 43 (11) 34 (10) 34 (9) CS 135 (22) 50 (22) 95 (4) 66 (19) 43 (12) 54 (12) 42 (9) 33 (8) 35 (8) Suction 2 OS 127 (26) 46 (24) 93 (5) 59 (16) 41 (10) 57 (13) 43 (11) 34 (9) 33 (9) CS 136 (21) 48 (19) 95 (4) 66 (20) 43 (12) 55 (13) 43 (9) 33 (8) 35 (9) Mean suction OS 141 (14) 51 (15) 94 (4) 60 (15) 41 (10) 55 (12) 43 (10) 33 (9) 34 (8) CS 142 (14) 51 (15) 95 (3) 66 (19) 43 (12) 54 (11) 42 (9) 33 (8) 35 (8) Recovery OS 142 (14) 51 (17) 95 (3) 60 (15) 42 (10) 54 (13) 42 (10) 32 (9) 35 (8) CS 143 (15) 52 (17) 95 (11) 64 (19) 43 (12) 53 (11) 42 (9) 32 (8) 36 (9) F-value 14. Figure 2 . Recovery time, in minutes, for all outcome variables with 95% CI. HR, heart rate; RR, respiratory rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; MBP, mean blood pressure; SpO 2 oxygen saturation; TcPO 2 , transcutaneous partial pressure of oxygen; TcPCO 2 , transcutaneous partial pressure of carbon dioxide.
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Theoretically, the significantly longer recovery time seen in these parameters during OS methods could contribute to disturbances in ventilation, leading to a greater degree of hypoxemia and bradycardia.
Results from this study revealed a clinically and statistically significant increase in systolic BP with the OS method and higher mean and diastolic BP measurements. Recovery to baseline values occurred quickly during CS in contrast with OS, where the mean BP continued to remain slightly elevated. Suctioning of the ETT markedly increases blood pressure, but this trend was not reflected in the previous studies of OS vs CS in which it was measured. 11, 13, 15, 16 Multiple regression analysis demonstrated that NRS, SNAP, and GA did not significantly impact the variables of hypoxemia and bradycardia during the suction process. This result may be a reflection of the low acuity of illness and modest ventilator requirements in the study population.
One of the limitations of the current study is that the investigator performing the suctioning procedure was not blinded to the monitoring devices. The latter revealed how the infant tolerated the procedure through a display of the PP and by sounding off alarms if these values fell outside the set limits. This factor may have influenced the investigator to make subtle changes in the suctioning technique. While this could have been circumvented by blinding, ethically it would be difficult not to intervene if an infant became clinically compromised.
Results from the present study have demonstrated that the use of a CS device, to maintain ventilation and oxygenation during suctioning of the ETT, significantly reduced the extent and duration of hypoxemia and bradycardia and the frequency of elevated blood pressure. The reduction in adverse effects by the CS device, used over a prolonged duration of intubation, may impact the incidence and/or severity of intraventricular hemorrhage, and periventricular leukomalacia.
CONCLUSION
The use of a ventilator adaptor, which allows for continued ventilation and oxygenation during the suctioning procedure, reduces the severity and overall duration of adverse effects of ETT suctioning in all intubated infants. Based on the findings from this study, the authors recommend that CS adaptors be considered for implementation with all ventilated infants.
